The BmNPV bacmid system is now applied to the production of antibody single-chain variable region fragment (scFv). The scFv comprises variable regions of the antibody heavy (V H ) and light (V L ) chains, which are connected by a flexible interchain linker. This minimal antigen-binding fragment, which is far smaller than full-size antibody, has attracted considerable attention: for example, as an effective reagent for tumor targeting, for radioimmunoimaging, and for the specific delivery of cytotoxic agents (8).
-3 -In this paper, we report on the expression of human scFv either as a fusion protein with GFP uv or by itself, using BmNPV bacmids; in addition, we compare the amounts of expressed antibody in the hemolymph and fat body of silkworm larvae and pupae. 
MATERIALS AND METHODS

Strain, plasmid and silkworm larvae
E. coli DH10Bac, directional TOPO pENTR vector and Gateway destination vector pDEST8 were purchased from Invitrogen (Carlsbad, CA, USA). Fifth-instar hybrid Kinsyu x Syowa silkworm larvae (Ehime Sansyu, Yahatahama, Japan) were used in this study. The larvae were reared on an artificial diet (Silkmate 2S, Nihon Nosan, Yokohama, Japan) at 27±1 o C. Fig. 1 shows the construction of recombinant BmNPV bacmids. A human scFv (13CG2) gene was amplified from pIT2-13CG2 (9) using a 13CG2 primer set ( A DNA fragment without the bx signal sequence was also amplified using CACCforward and pBH-reverse primers, under the same PCR conditions as above, and GFP uv -13CG2 was obtained.
Construction of recombinant BmNPV bacmids
The two DNA fragments were cloned into pENTR using pENTR Directional TOPO Cloning Kits (Invitrogen), and pENTR/bx-GFP uv -13CG2 and pENTR/GFP uv -13CG2 were obtained. These products were cloned into pDEST8 using the Gateway cloning technology (Invitrogen), and pDEST8/bx-GFP uv -13CG2 and pDEST8/GFP uv -13CG2 were obtained, respectively. These two plasmids were then transformed into each E. coli DH10BacBm, 
SDS-PAGE and western blot analysis
The protein content in the hemolymph and fat body was detected using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot. SDS-PAGE was performed with 10% polyacrylamide gel using the Mini-protein III System (Bio-Rad Laboratories, Hercules, CA, USA). The respective bands were detected using a Molecular-FX multi-imager (Bio-Rad). For western blot, the samples -6 -were boiled for 5 min before they were run on the SDS-PAGE gel. An anti-HIS G (Invitrogen)
antibody was used as the primary antibody, and an anti-mouse IgG/horseradish peroxidase (HRP) antibody (GE Healthcare, Buckinghamshire, UK) was used as the secondary antibody.
The immunoblot bands were visualized using ECL plus western blotting detection reagents (GE Healthcare), and analyzed using a Fluor-S/MAX multi-imager (Bio-Rad). Magic Mark XP Western Protein Standard (Invitrogen) was used as a protein molecular weight marker. coli HB2151 (pIT2-13CG2) and purified using Talon Metal Affinity Resin (Clontech, Takarabio, Shiga, Japan) was used for the calibration of 13CG2 as a standard. (Table 2) .
Expression of the GFP uv -13CG2 fusion protein in the hemolymph of BmNPV bacmid/bx-GFP-13CG2-injected silkworm larvae was detected via western blot ( Fig. 2A) and observed, without small degraded molecular bands (Fig. 3A, B) . When BmNPV-CP -or
BmNPV-CP Chi -bacmids were used, 16.9-18.9 mg/l (11.6-15.0 μg/larva) of 13CG2 was expressed at 6 d.p.i., indicating the highest scFv concentration. Wild-type BmNPV bacmid produced only 4.4 mg/l of 13CG2, probably because of proteolytic degradation of the expressed protein (Fig. 2B ).
To express GFP uv -13CG2 in silkworm pupae, the bx signal peptide was removed from the recombinant BmNPV bacmid construction. When wild-type BmNPV bacmid was used, proteolytic degradation of the fusion protein was observed (Fig. 4A ), but when recombinantprotease-deficient, or protease-and chitinase-deficient BmNPV bacmids were used for GFP uv -13CG2 the smaller degraded bands were not observed (Fig. 4A) . The maximum amount of antibody expressed was 0.97 μg/pupa (Fig. 4B) , which was only 6.5% of the secreted 13CG2 concentration in hemolymph.
GFP uv -13CG2 Expression in the hemolymph and fat body of silkworm larvae GFP uv -13CG2 fusion protein was expressed in the hemolymph and fat body of silkworm larvae both with and without a bx signal sequence. With regard to secretion into the hemolymph of silkworms, the amount of 13CG2 expressed with the bx signal sequence was 12 times that expressed without the signal sequence (Fig. 5C ). By contrast, a large amount of expressed fusion protein was observed in silkworm fat body without the bx signal sequence (Fig. 5B) . The amount of 13CG2 with the bx signal sequence was five times that without the signal sequence, as estimated using ELISA, irrespective of the thick band of the latter ( Chi -bacmid/bx-13CG2-injected silkworm larvae. The expressed-protein molecular band was estimated to be 32 kDa (Fig. 6) , which was similar to the assumed molecular weight. The amount of scFv was 188.4 mg/l (132.4 μg/larva), which was ten times higher than that of the GFP uv -13CG2 fusion protein.
DISCUSSION
Single-chain antibody was expressed in the hemolymph and fat body of silkworm larvae and pupae. The amount of GFP uv -13CG2 fusion protein secreted using BmNPV-CP -and
BmNPV-CP Chi -bacmid, however, activity was 62 mU/ml, which was 2.8-fold that of wild-type BmNPV bacmid (7).
These examples demonstrate that the BmNPV-CP Signal peptide has an important role in the secretion of scFv fused with GFP uv in the hemolymph of silkworm larvae. The expression level in hemolymph when the bx signal peptide was present was 12 times that in the absence of the signal peptide (Fig. 5C ). GFP uvscFv fusion protein without the bx signal peptide was expressed in silkworm larvae to investigate whether the signal peptide is indispensable for the efficient expression of the fusion protein. GFP uv -scFv accumulated in the fat body, as shown by the thick molecular band in the western blot (Fig. 5B ), but its antibody amount was 0.4 μg/larva, which is only 2.7% of that expressed in the hemolymph of silkworm larvae (Fig. 5C ). This indicates that scFv is activated by secretion into the hemolymph through the ER and Golgi apparatus, and is When GFP uv was removed from the GFP uv -13CG2 fused construct, the scFv expression level increased significantly to 188.4 mg/l in the hemolymph of silkworm larvae, which was ten times higher than that in GFP uv -13CG2. In terms of scFv expression with GFP uv , metabolic burden caused by fusion with GFP uv , instability of mRNA or low translational efficiency might lead to the decrease in scFv antibody production. Moreover, a cysteine protease-and both cysteine protease-and chitinase-deficient BmNPV bacmids are useful for the efficient production of scFV from silkworm larvae, because of a significant decrease in proteolytic degradation of the expressed proteins. Moreover, silkworm larvae don't require any optimization of reactor performance, reactor design, and the development of appropriate media. These indicate that silkworm larvae are useful for a practical expression of scFv and scientific application in antibody production. 
